Background: Mindfulness skills training interventions seem efficacious in increasing physical function and decreasing pain intensity in patients with chronic pain. The relationship of mindfulness and upper extremity complaints in patients presenting to orthopedic surgical practices is not known. The aim of this study was to assess if mindfulness has a relationship to physical function and pain intensity in patients with upper extremity illness. Methods: In this cross-sectional study, a total of 126 patients with a nontraumatic upper extremity condition were asked to fill out questionnaires assessing the 5 facets of mindfulness, pain intensity, and upper extremity physical function, along with clinical and demographic variables prior to their visit with the surgeon. Results: Nonreactivity to inner experiences was the only facet of mindfulness that was correlated with upper extremity physical function and pain intensity. The overall mindfulness score was correlated with pain intensity only. In multivariable analyses, mindfulness was not associated with either physical function or with pain intensity. Pain interference was the most important predictor of both pain intensity and physical function. Conclusions: Greater overall mindfulness was associated with lower pain intensity, and greater ability to be nonreactive to inner experiences was associated with both pain intensity and upper extremity physical function in bivariate but not multivariable analyses. Pain interference was the most important predictor of both pain intensity and upper extremity physical function. Psychosocial interventions focused on improving physical function and decreasing pain intensity in this population should focus primarily on reducing pain interference, and secondarily on teaching patients mindfulness skills.
Introduction
Mindfulness is a mental state of awareness, focus, and openness, which allows individuals to engage fully in the present moment. In a state of mindfulness, difficult thoughts, feelings, and sensations are nonjudgmentally observed and not allowed to have any impact on behavior. Baer et al 3 proposed 5 facets of mindfulness: (1) observing, defined as noticing or attending to internal and external experiences; (2) describing, defined as labeling internal experiences with words; (3) acting with awareness, defined as attending to one's activities of the moment (opposite of acting on automatic pilot); (4) nonjudging of inner experience, defined as taking a nonevaluative stance toward thoughts and feelings; and (5) nonreactivity to inner experience, defined as of allowing thoughts and feelings to come and go, rather than entertaining or ruminating on them.
A large body of research has shown that mindfulness skills training interventions are efficacious in increasing physical function and decreasing pain intensity in patients with chronic pain. 4, 7, 9, 16, 21 By engaging in mindfulness, patients become aware of their thoughts, feelings, and pain sensations without judgment or attempts to control or escape them; by not entertaining the pain-related thoughts, the pain-related threat is decreased and patients are successful in engaging in activities in spite of pain. In other words, a mindful patient with arthritis of the thumb who starts to notice pain will be able to nonjudgmentally observe and accept pain-related thoughts and sensations while staying in the present moment, thus being less inclined to catastrophic 697429H ANXXX10.1177/1558944717697429HandBeks et al research-article2017 1 Massachusetts General Hospital, Boston, USA 2 Dell Medical School, Austin, TX, USA thoughts (ie, misinterpretation or overinterpretation of nociception). The role of mindfulness in reports of physical function and pain intensity in patients with hand and upper extremity patients in surgical practices is not known. A recent study in this population 25 found that greater awareness of the present moment as measured by a subscale of the Philadelphia Mindfulness Scale 8 was significantly associated with lower physical function and was not associated with pain. Results of this study are spurious, due to incorrect sample size calculations and errors in the statistical analyses. Further study of mindfulness in hand surgery practice might help clarify the role of mindfulness in illness behavior of patients with upper extremity complaints.
The purpose of this study was to assess the relationship of mindfulness with physical function and pain intensity in patients with upper extremity illness. We tested the null hypothesis that: (1) there is no correlation between mindfulness and upper extremity physical function, while also accounting for demographic (eg, age, sex), conditionrelated (eg, diagnosis, interval between onset and visit), and psychosocial factors (depression and pain interference), and (2) there is no correlation between mindfulness and pain intensity, while also accounting for demographic (eg, age, sex), condition-related (eg, diagnosis, interval between onset and visit), and psychosocial factors (depression and pain interference).
Patient and Methods

Study Design and Patient Selection
After approval from our institutional review board, patients visiting the outpatient clinic of 2 hand and upper extremity surgeons in an urban academic hospital were asked to participate in this cross-sectional study between May 2015 and August 2015. Inclusion criteria were as follows: (1) age 18 years or older, (2) nontraumatic upper extremity condition (eg, no fracture, sprain, dislocation, laceration, or infection), (3) English fluency, and (4) ability to provide informed consent. Pregnant women were excluded. A total of 129 eligible patients were approached for participation. Three patients (2%) declined participation, and 126 patients provided informed consent and were included in the study.
Data Collection
Patients were asked to fill out questionnaires prior to their visit with the surgeon. In addition to the outcome measures and psychological questionnaires, the following patient characteristics were obtained: sex, race, smoking habit, marital status, education in years, work status, diagnosis, prior treatment, affected side, type of visit (new patient or follow-up), presence of other pain conditions, and duration of symptoms in weeks. Data were collected through Assessment Center (http://www.assessmentcenter.net), an online research tool for capturing participant data with computer adaptive testing (CAT) capabilities, using a tablet computer.
Outcome Measures
The primary outcome measure was upper extremity physical function as measured by the Patient Reported Outcomes Measurement Information System (PROMIS) Upper Extremity CAT questionnaire. 20 Using CAT, which is based on item response theory, questionnaire administration is optimized by distributing only patient-relevant items based on individual previous responses. 10, 12 Every item tests the examinee's level of ability (the outcome) based on correctness of the answer, and every answer contributes to measuring the ability to some extent. Based on the previous responses, an algorithm is used to create a tailor-made questionnaire measuring the ability where fewer questions are needed and higher accuracy is achieved compared with standard fixed tests. The PROMIS Upper Extremity CAT is a reliable tool to measure upper extremity physical function. 15 A higher PROMIS score represents better physical function.
The secondary outcome measure was pain intensity as measured by the Numerical Rating Scale, an 11-point ordinal scale where 0 means no pain at all and 10 the most intense pain one can imagine.
Explanatory Measures
The short form of the Five Facet Mindfulness Questionnaire (FFMQ-SF) was used to measure mindfulness. The FFMQ-SF is a validated questionnaire consisting of 24 statements about everyday experiences. 5 Every statement is answered using a 1 to 5 scale ranging from never or very rarely true to very often or always true. The questionnaire provides a score for each of the 5 mindfulness facets: (1) nonreact, (2) observe, (3) act aware, (4) describe, and (5) nonjudge. Facet scores range from 4 to 25, with higher scores indicating more mindfulness. A total score comprising all facets was also computed.
The PROMIS Pain Interference CAT measures the selfreported consequences of pain (not specifically upper extremity pain) on common aspects of daily life over the past 7 days. 1 The PROMIS Pain Interference CAT uses questions from the full item bank, which consists of 40 items in total. A PROMIS Pain Interference CAT score of 50 represents the average for the United States general population, with a standard deviation (SD) of 10 points. A higher PROMIS Pain Interference CAT score indicates a stronger restriction on daily activities due to pain.
The PROMIS Depression CAT questionnaire measures symptoms of depression over the past 7 days using the full item bank, which consists of 28 items in total. 18, 23, 24 A PROMIS Depression CAT score of 50 represents the average for the US general population, with a SD of 10 points. A higher PROMIS Depression CAT score indicates more symptoms of depression.
Statistical Analysis
An a priori power analysis for multivariable linear regression was performed. For a model with a maximum of 10 predictors for upper extremity physical function, a sample size of 126 patients was needed to detect a moderate effect of 0.15 with 90% power at an alpha level of 0.05.
Continuous variables were described using means with SDs, and categorical variables were presented with frequencies and percentages. In bivariate analysis, the association of the outcome measures (PROMIS Upper Extremity and pain intensity) with explanatory variables was assessed using the unpaired t test for dichotomous explanatory variables (sex, smoking, prior treatment, affected side, type of visit, and presence of other pain conditions), one-way analysis of variance (ANOVA) for categorical explanatory variables (race, marital status, work status, and diagnosis), and Pearson or Spearman correlation coefficient for normally or non-normally distributed continuous explanatory variables (age, education, duration of symptoms, depression, pain interference, and 5 facets of mindfulness), respectively. Variables with a P value below .05 in bivariate analysis were entered into a multivariable linear regression model, without any further selection, to assess their ability to explain the variation in the outcome measures. As collinear covariates inflate the standard error and lead to false negative results, separate multivariable linear regression models were built excluding either the FFMQ-SF total score or FFMQ-SF subscale scores. A P value of less than .05 was considered significant.
Patient Characteristics
The majority of patients were women (71, 56%), with a mean age of 53 years (range, 21-88) and mean education of 16 years (range, 12-28; Table 1 ). Carpal tunnel syndrome was the most common diagnosis (23%) followed by nonspecific arm pain (21%), and osteoarthritis (11%). The mean duration of symptoms was 149 weeks (range, 2-2080). The mean score for the PROMIS Upper Extremity was 37 (SD 9.7), for PROMIS Depression 51 (SD 8.6), and for PROMIS Pain Interference 58 (SD 7.7). The scores of the respective facets of mindfulness are shown in Table 2 .
Results
A greater ability to be nonreactive as measured by the mindfulness facet nonreact (P = .045) was associated with higher upper extremity physical function in bivariate analysis. Men (P = .005) and nonsmokers (P = .010) reported better physical function than women and smokers, respectively. Patients Note. SD = standard deviation. who are single and patients who work full-time reported better physical function than patients with another marital status (P = .040) or work status (P = .019), respectively. Follow-up patients (P = .014) and those who did not report other pain conditions (P = .001) reported better physical function. Younger (P = .009) and higher educated (P < .001) patients reported better physical function. Patients with less depression (P = .046) and less pain interference (P < .001) reported better physical function (Table 3 ). In multivariable linear regression analysis, only male sex (β = 3.8; 95% confidence interval [CI], 1.3-6.3; P = .004), higher education (β = 0.42; 95% CI, 0.015-0.83; P = .042), and pain interference (β = −0.83; 95% CI, −1.0 to −0.65; P < .001) were independently associated with upper extremity physical function (Table 4) . A greater ability to be mindful as measured by the total score on FFMQ-SF (P = .029) and a greater ability to be nonreactive to inner experiences as measured by the nonreact subscale of the FFMQ-SF (P = .010) were associated with lower pain intensity in patients with upper extremity illness in bivariate analysis. Patients with higher education (P = .004), shorter duration of symptoms (P = .024), less symptoms of depression (P = .049), and lower pain interference (P < .001) reported a lower pain intensity. All other demographic variables had no relationship with pain intensity or physical function (Table 3 ). In multivariable linear regression analyses, only pain interference was independently associated with pain intensity (β = 0.21; 95% CI, 0.16-0.26; P < .001; Table 4 ).
Discussion
Mindfulness skills training has been associated with increased physical function and decreased pain intensity across patients with chronic pain conditions. 4, 7, 9, 16, 21 We aimed to assess the relationship of mindfulness with physical function and pain intensity in patients with upper extremity illness in a surgical practice. We found that nonreactivity to inner experiences was the only facet of mindfulness that was correlated with upper extremity physical function and pain intensity. The overall mindfulness score was correlated with pain intensity only. In multivariable analyses, mindfulness was not associated with either physical function or pain intensity. Consistent with prior research, pain interference was the most important predictor of both pain intensity and physical function. 6, 13, 14, 23, 26, 27 Our study results should be interpreted in the light of a number of limitations. First, this study was performed at one academic urban-based hospital and results may therefore not be generalizable to patients in other settings. Second, the findings may not apply to patient groups with traumatic upper extremity conditions as we included nontraumatic upper extremity conditions only. Third, our sample size was relatively small as it was based to detect a moderate effect as defined by Cohen. 11 Therefore, we might not have been able to detect a smaller still relevant association in our study population. This finding is substantiated by the near significant P values of depression and total mindfulness scale in the regression predicting physical function, which may have reached significance level with a larger sample. Fourth, in our study, we used a general pain score without differentiating the origin of the reported pain. Therefore, it could be possible that not all pain can be attributed to the upper extremity illness of the patient. We did however account other pain conditions in our analyses. Finally, the FFMQ-SF has been validated in a Dutch sample of patients with depressive symptoms recruited by self-selection. 5 However, it showed good psychometric properties and the use of short forms has been recommended in clinical settings as it seems more efficient and less of a burden for patients compared with original questionnaires. We found that nonreactivity to the inner experiences subscale was the only mindfulness facet that was correlated with upper extremity physical function. This is not surprising as higher nonreactivity to inner experience prevents getting carried away by thoughts and feelings that make one protect and prepare for the worst, which is a natural response to pain that can lead to disability. However, in the multivariable analyses, its relationship with physical function became nonsignificant. Voskuijl and Ring 25 showed in patients presenting to a hand surgeon that greater awareness, a subscale of the Philadelphia Mindfulness Scale, resulted in lower physical function. Prior studies in patients with chronic pain showed greater mindfulness to be correlated with higher physical function. 9, 22 It may be that mindfulness may become important in later stages of an orthopedic illness (eg, chronic pain), whereas pain interference takes precedent in the early stages of illness. This is consistent with the evidence from studies of patients in orthopedic surgical practices (eg, where patients with relatively recent illness are primarily seen) that inadequate coping strategies usually explain more of the variation in physical function than other factors, including measures of psychological distress. 6, 13, 14, 23, 26, 27 In addition, our study showed that both the nonreactivity to inner experience facet and the total mindfulness scale were correlated with pain intensity. As with upper extremity physical function, mindfulness was not significantly associated with pain intensity in the multivariable regression, and pain interference explained most of the variation of this outcome measure. Other studies have shown mindfulness-based therapies to be effective in patients with a wide variety of pain conditions but also pain following surgical and invasive medical procedures. 2, 17, 19 We did not include any form of mindfulness training in this study and were not able to find an association of level of mindfulness and our outcome measures.
In conclusion, mindfulness was correlated with upper extremity physical function and pain intensity in unadjusted analysis. However, greater mindfulness, as measured with the FFMQ-SF, was not independently associated with both physical function and pain intensity in patients with upper extremity illness. Pain interference explains most of the variation in physical function and pain. Therefore, therapies to address physical function and pain in patients with chronic upper extremity illness should focus on improving coping strategies.
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